Fifty-two strains, comprising six Rhizobium species, were examined for their esterase patterns using electrophoresis on cellulose acetate. Esterase activity was detected in five Rhizobium species. The sixth species, R. japonicum, was characterized by the absence of esterase activity in all but one of the strains examined. Rhizobium trifolii and R. leguminosarum strains showed similarities in their esterase profiles. Rhizobium meliloti strains formed a group distinct from these on the basis of their esterase patterns. Rhizobium lotus sp. and R. phaseoli also exhibited esterase activity.
INTRODUCTION
Studies on enzyme profiles in bacteria is a recent technique of considerable importance, which has been applied by a number of workers concerned with the classification of bacteria (Norris, 1964; Lund, 1965; Cann & Willox, 1965; Nakayama & Takeya, 1967 ; Morichi, Sharpe & Reiter, 1968; Hogan & Colwell, 1969) . The relatively high concentration of esterase activity in bacteria accompanied by the multiple nature and ease of detection of these enzymes has been responsible for their choice as markers in this process. In the present investigation, the intensity and electrophoretic nature of the esterase patterns of 52 strains from six Rhizobium species were determined to establish the relationship of these patterns to the present classification of these organisms. It was also intended to explore the possibility of using esterase patterns as identification markers for strains with similar nodulation and nitrogen fixation properties. Classically six Rhizobium species are recognized, comprising R. trifolii, R. leguminosarum, R. meliloti, R. phaseoli, R. japonicum and R. lupini (Bergey's Manual 1957) . Currently, however, with the advent of improved techniques for studying cell components and the analysis of the resdting information by computers, certain changes in the original classification have been suggested (Lange, 1961 ; Graham, 1964; De Ley & Rassel, 1965; 't Mannetje, 1967; Moffett & Colwell, 1968) .
Although esterase activity in bacteria and fungi has been the subject of investigation by a number of workers (Norris, 1964; Lund, 1965; Cann & Willox, 1965; Robinson, 1966; Moustafa & Greenwood, 1967; Nakayama & Takeya, 1967 ; Peberdy & Turner, & Colwell, 1969) there is little information available on the nature of the activity, particularly with respect to rhizobia. Such information is desirable especially in view of the existence of non-enzymic esterase activity (Downey & Andrews, I 965) and residual esterase activity associated with certain proteolytic enzymes (Kimmel & Smith, 1954) . This report contains results of preliminary investigations on the effects of mercurial and thermal treatments on the bacterial esterase with a view to establishing the nature of this activity in rhizobia.
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METHODS
Origin and number of strains. Fifty-two Rhizobium strains, comprising several species were used in this investigation. The sources of the test strains and their nitrogen fixation performance are given in Table I .
Culture of rhizobia. Test cultures were maintained on slopes of yeast-extractmannitol-agar (YEMA) at 4" after 72 hr growth at 25" (Allen, 1957) . A suspension of freshly grown rhizobia was incubated in I 1. quantities of yeast-extract-mannitol-broth on a Brunswick gyrotory shaker for 72 hr at 25", when required for electrophoresis. Preparation of cellgree extracts. The rhizobia were harvested by centrifugation at 23,000 g for 30 min. using an M.S.E. high speed centrifuge. They were washed twice with distilled water and I g. rhizobia suspended in 3 ml. 0.05 M-phosphate buffer, pH 7.0. Cell-free extracts were prepared by sonication of the cooled suspension for 2 min. at 4" using an M.S.E. 60 watt sonic disintegrator. Sonicated extracts were centrifuged at 38,000 g at 4" for 40 min. to remove cell debris.
Electrophoresis. The cell-free extracts were analysed by paper electrophoresis (Preston, Briere & Batsakis, 1965; Mager, Blatt & Abelman, 1966; Murphy et al. 1969 ). Eight-inch square sheets of cellulose acetate (Gelman Instrument Co., Michigan, U.S.A.), which permitted 8 samples to be processed simultaneously, were used. Ten pl. samples were applied and electrophoresis conducted at 15" using a continuous phosphate buffer system 0.05 M, pH 7.0. The initial current applied was 15 mA and duration of electrophoresis was go min. Results presented are the mean of at least two determinations. With all species examined preliminary tests were made to determine the direction of migration of the esterase bands.
Qualitative detection of esterases. On completion of electrophoresis the cellulose acetate sheets were immersed in a solution of a-naphthyl acetate and fast blue salt for 30 min. (Lawrence, Melnick & Weimer, 1960) . It was found that subsequent treatment of the stained sheet with 0.1 N-NaOH accentuated the colour of the dye in the areas of enzymic activity, which greatly facilitated the detection of weak esterase bands in the zymogram.
Peptidase activity. The synthetic peptide N-a-benzoyl-DL-arginine-p-nitroanilide-HCl (BAPNA) was substituted for a-naphthyl acetate and the same procedure followed as described for esterase determination. Quantitative determination of esterase activity. Esterase activity was determined spectrophotometrically at 410 nm. in 0.05 M-phosphate buffer, pH 7.0, at 15" by measuring the formation of p-nitrophenol from p-nitrophenol acetate (Downey & Andrews, 1965) .
Protein determination. Protein concentrations were measured using the biuret reaction (Gornall, Bardawill & David, 1949) .
Heat inactivation of esterase activity. This was determined both quantitatively and qualitatively. For the former measurement enzyme solutions (I mg. protein/ml.) were heated at 45" for various periods of time and esterase activity determined spectrophotometrically. For the latter measurement, enzyme solutions (I o mg. protein/ml.) were heated at various temperatures (45" to 75") for om in. and the effect on the esterase electrophoretic pattern examined.
Efect in all species with the exception of R. japonicum. In the latter species no activity could be detected in five strains, while the sixth strain tested showed one band of low mobility. Multiple esterase bands were obtained with most strains, the maximum number being three. In all instances, the direction of migration of the bands was from the cathode to the anode. It is evident from Fig. I that differences in esterase pattern exist not only between species but also between strains within species. In the case of R. trifolii (Fig. I,   I to 18) these differences are evident only in the minor esterase bands as the major, fastest moving component, is common to all strains of this species. This component is quite prominent also in R. leguminosarum, occurring in six of the ten strains studied (Fig. I, 19 to 28). It is totally absent from strains of R. meliloti (Fig. I, 29 to 35) and R. japonicum (Fig. I, 39 to 44) and occurs in one of the R. phaseoli strains examined (Fig. I, 36 to 38) and in three of eight strains of R. lotus sp. (Fig. I, 45 to 52).
Peptidase activity. No peptidase activity was detected with any of the species using BAPNA as substrate.
Efect of heat on the esterase electrophoreticpattern. Figure 2 shows the effect of various temperature treatments, over a period of 10 min., on the esterase electrophoretic patterns of four Rhizobium species. The esterases of the strain of R. trifolii studied were largely inactivated on heating to 45" for 10 min. The fastest moving component was totally inactivated and only a trace of the second component remained (Fig. 2) . The R. lotus sp. strain, however, was resistant to inactivation at 45". At 50". Enzyme solutions (10 mg. protein/ml.) were heated at temperatures between 45" and 75" for 10 min. and the electrophoretic esterase patterns then determined. The control sample (15") was unheated.
Time (min.) Esterases in Rhizobium I27 Figure 3A shows the effect of heat on bacterial esterase activity of Rhizobium trifolii determined spectrophotometrically. The activity is very sensitive to heat being reduced by 50 % in 7 min. at 45", a result which is in agreement with that depicted in the zymogram in Fig. 2. Figure 3B shows the effect ofpCMB on esterase activity with time. Esterase activity is rapidly inactivated by this organomercurial reagent.
DISCUSSION
Results obtained in this work and illustrated in Fig. I reveal that in general the leguminous root nodule bacteria have high esterase activity. Fottrell (I 968) demonstrated the presence of multiple esterase forms in the root nodule system, where up to ten bands of activity, comprising both anodic and cathodic fractions, were detected. The present report shows that fewer esterase components are present in the free-living bacteria and these are anodic in nature.
The zymogram patterns obtained from the strains tested reveal variation, especially between species, but also within species. Rhizobium trifolii and R. leguminosarum strains show the greatest similarity in esterase patterns and it is interesting to note that other workers have reported the occurrence of compatible characteristics in these two species (Graham, 1964; Moffett & Colwell, 1968; Fottrell & O'Hora, 1969) . Rhizobium meliloti strains appear to form a distinct grouping in agreement with the currently accepted classification of this species. The absence of esterase activity in most strains of R. japonicum is quite striking and in contrast to the presence of high activity in R. lotus sp. Moustafa & Greenwood (1967) studied esterase and phosphatase activity in four strains of R. lotus sp. and found that the free-living rhizobia had similar enzyme patterns but differences in esterase profiles were encountered in the bacteroidal form.
The use of esterase patterns as a means for typing strains of rhizobia may have useful application. Patterns obtained are reproducible provided that experimental conditians are strictly adhered to. This is particularly true at the sonication step in the preparation of cell-free extracts, where excessive heat build-up may result in partial or total loss of enzyme activity.
There is no correlation between nitrogen-fixing abilities of the bacteria and their esterase patterns. This is illustrated in the case of Rhizobium trifolii (Fig. I, I to 6) where identical esterase patterns were obtained for strains showing different symbiotic responses ( Table I) . These strains also represented isolates from mineral and peat soils.
Esterase activity has been associated with non-enzymic proteins (Downey & Andrews, 1965) and some proteolytic enzymes also show esterase activity (Kimmel & Smith, I 954) . Conventional heat tests, which have demonstrated the susceptibility of the rhizobial esterase to denaturation coupled with the fact that no proteolytic activity was detected using BAPNA as substrate, suggest that 'true esterase' activity is involved. Esterases of R. trifolii and R. meliloti strains are very sensitive to heat denaturation being inactivated on heating at 45" for 10 min. Morichi et al. (1968) studied esterases of lactic acid bacteria and reported denaturation temperatures of 60" and 65" for 10 min. Cann & Willox (1965) reported on the presence of esterases in mycobacteria capable of withstanding 100" for 10 min. Esterases of R. lotus sp. bacteria were resistant to denaturation at 45" and showed selective denaturation above this temperature. Rhizobium leguminosarum strains followed a similar pattern, a final temperature of 75" being necessary to achieve complete denaturation of the esterase enzyme. Multiple forms of esterases in R. lotus sp. and R. leguminosarum, therefore, differ not only in electric charge but also in sensitivity to heat denaturation. However, the comparative ease of denaturation of the esterase activity coupled with the absence of proteolytic activity suggests that the multiple forms are different expressions of a single enzyme activity. The sensitivity of the rhizobial esterases to heat denaturation, particularly R. trfolii and R. meliloti strains, emphasizes the need for carefully controlled temperature conditions when using sonication for cell disintegration. The present report has shown the sensitivity of the bacterial esterase to inhibition by pCMB. Morichi et al, (1968) reported that the esterases in lactic acid bacteria were resistant to I O -~ M-pCMB.
